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CENTRAL PAX CENTER 

DEC 2 62006 

REMARKS 

Claims 49-61 and 63-66 are pending aiid are rejected imder 35 U.S.C. § 103. Claims 49, 
51 , and 58 are amended and new claims 68-72 are added. 

Support for the Amendments 

Support for new claims 67-72 is found in the specification and claims as originally filed. 
In particular, support for new claims 67 and 70, which recite GM-CSF, is found in Applicants' 
specification at page 4, line 32; support for new claims 68 and 69 is found at claim 1 a5 
orifiinally filed; support for new claim 69, which recites "an effective amount of a cytokine that 
mobilizes endothelial progenitor cells" is found, for example, at page 27, lines 27-27;" support 
for new claim 71, which recites "stem cell factor (SCF)" is found at page 5, line 1; and support 
for new claim 72, is found at page 20, lines 1 5-22; support for the amendment of claim 51, which 
now rcciles *'VEGF-2" is found at page 21, lines S-7. 

Priority Claim 

Applicants acknowledge the Examiner's objection to the priority claim. Applicants note 
tlial claims 49 and 58 no longer recite stem cell factor and arc fully supported in Applicants' U.S. 
provisional application, which was filed on March 9, 1998, (U.S.S.N. 60/077,262, hereinafter 
'the '262 application"). Accordingly, the Officers objection to the priority claim witih respect to 
claims 49-61 and 63-66 should be withdrawn. 

Jn order to expedite prosecution and facilitate allowance. Applicants note that new claim 
69 is directed to methods of treating myocardial ischemia by administering to the mammal an 
efifeclive amount of granulocyte macrophage colony stimulating factor (GM-CSF) or an effective 
fragment thereof; and administering an eflfeolive amount of a nuclcicr acid encoding at least one 
angiogenic protein or an effective fragment thereof into the myocardial tissue; thereby treating 
the ischemic myocardial tissue of the mammal. Support for the adminislration of GM-CSF is 
found in the '262 application at page 4, lines 27 and 28, where Applicants state "These methods 
involve the use of GM-CSF to mobilize cridothelial cell (EC) progenitors." Given that the *262 
application clearly discloses methods of treating myocardial ischemia by injecting a nucleic acid, 
encoding an angiogenic protein and admmistering to the mammal an effective amount of 
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granulocyte macrophage colony stimulating factor, the objection to tlie priority claim docs not 
apply to claim 67- 

In addition, Applicants have added new cJaim 69 to clarify that the invention is broadly 
directed to methods of treating myocardial ischemia by administering to a mammal an effective 
amount of a cytokine that mobih^es endothelial progenitor cells; and subsequently administering 
an effective amount of a nucleic acid encoding at least one angiogenic protein or an effective 
fragment thereof into tlie myocardial tissue; thereby treating the ischemic myocardial tissue of 
the manunal The '262 application plainly provides support for new claim 68 at page 13, lines 
13 and 14, where Applicants state ^'cytokine-induccd EPC mobilization can enhance 
neovascularization" and at page 7, lines 1 8-21 , where Applicants state: 

If it is desirable to further enhance angiogenesis, angiogenic proteins^ 
e.g., endothelial cell mito&cns, may also be administer ed to the patient in 
conjunction with, or subsequent to. the administratio n of the GM-CSF. ^ The 
angiogenic protein can be administered directly, e,&, intra-arterially, 
intramuscularly, or intravenously, or nucleic acid encoding the mitogen may be 
used. 

Accordingly, the Office's objection to tlie priority claim clearly docs not apply to new 
claims 68 and 69. 

Support for new claim 71 is found in the specification as originally filed. 
Accordingly, claim 71is at least entitled to the filing date of the 09/265,041 , which was 
filed on March 9, 1999. 



Rejections under 35 IJ,S,C. S 103fa) 

The Office rejects claims 49-61 and 63-66, which are directed to methods of treating an 
ischemic myocardial tissue by injecting GM-CSF or stem cell factor (SCF) and a nucleic acid 
encoding an angiogenic protein, under 35 U.S.C. § 1 03(a) as obvious over WO 97/14307 by 
Isncr (hereinafter ''Isner^'), in view of U.S, Patent No. 5,880,090 by Hammond et al, (hereinafter 
"Hammond'O; these claims arc further rejected over Isner in view of Bussolino et al,, (J. Clin. 
Invest. 87:986-995, 1991), Applicante respectfully disagree and for the reasons detailed below 
request that the obviousness rejection of the pending claims be withdrawn, 

7 



PAGE 1 1/29 ' RCVD AT 12126/2006 3:27:43 PM [Eastern Standard r^^^ 



DEC-28-2006 TUE 03:30 PM E A P & D 



FAX NO. 6174394170 



P. 



The test of obviousness requires that one compare the claimed "subject matter as a 
whole" with the prior art "to which said subject matter pcitains" 35 U.S.C. § 1 03(a). To 
establish a prima facie case of obviousness, three criteria must be met. First, a suggestion or 
motivation to modify the reference or combine reference teachings must be present in the 
references or in the general knowledge present in the art Second, there must be a reasonable 
expectation of success. Finally, the prior ait reference must teach or suggest all the claim 
limitations. M.P.CP. 2143. The burden is on the Omcc to show that the references expressly or 
impliedly suggest all of the claim lunilations. M.P.E.P. 2142. ^There are three possible sources 
for a motivation to combine references^ the naUire of the problem to be solved, the teachings of 
the prior art, and the knowledge of persons skilled in the art." In re Roujfei, 149 F.3d 1350, 
1357. In the absence of some teaching or suggestion to combine, no prima facie case of 
obviousness can be established, and the rejection is improper and must be withdrawn. In re 
/'7/ie, 837 F.2d 1071. 1074. 

In the present case, the references cited by the Office fail to provide the requisite 
motivation to combine; fail to provide a reasonable expectation of success; and fail to teach or 
suggest all of the claim limitalions. Each of the references cited by the Office in support of the 
obviousness rejection is considered below, 

Isner 

Isner describes methods for treating ischemic tissue. The Office stales: 

Isner does not specifically teach the administration of an effective amount of a 
stem cell factor, a colony stimulating factor or an effective fragment thereof into 
the mammal with an effective amount of a solution comprising a nucleic acid 
encoding at least one angiogenic protein or an effective fragment thereof. (Office 
action mailed January 25, 2006; page 4, last paragraph) 

The OfTicci indicates tliat Isner fails to disclose a method of treating ischemic myocardial tissue 
with a colony stimulating factor as i"ecited in claims 49-61 and 68. To the extent that such 
subject matter is not taught or suggested by Isner, the OfHec relies on Hammond to remedy the 
alleged failure of Isner. 
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Hammond 

Hammond describes methods for coattTig a synthetic vascw/arj^ra^ with endothelial 
cells. Hammond fails entirely to teach or suggest methods for Irealing myocardial ischemia as 
recited by Applicants' claims. Regarding Hammond, the Office asserts tliat i) the methods of 
Hammond are indistinguishable from those described by AppUcants; ii) Hammond teaches 
methods for enhancing blood vessel formation in a patient; and iii) one of skill in the art would 
be motivated to combine the methods taught by Hammond with the methods described by Isncr . 
Applicants respectfully disagree with these assertions. 

I. Methods for enhancing endothclialization of a synthetic, graft are 
readily distinguishable from methods of treating an ischemic tissue 

The methods described by Hammond are uniformly directed to methods for coating 
synihetic grafts with endothelial cells; such methods arc readily distinguishable from 
Applicants' claimed methods, which are directed to methods for treating ischemic myocardial 
tissue of a mammals The synthetic grafts described by Hammond comprise polyctliylene 
torephthalate and polytctrafluoroethylene. The usefuhiess ofsuch grafts is limited by their 
tendency to induce clot foraialion (column 1, lines 15-26). To overcome such limitations, 
Hammond describes methods for increasing the number of endothelial cells that attach to and 
coat the surface ofsynthctic grafts. Hammond states, "circulatmg cells that give rise to 
endothelial coatings of vascular prostheses may arise from the bone marrow, (column 1, line 
60, to colunm 2 Jine 5; emphasis atlded; citations deleted.) Methods for increasing the number 
of endothelial cells that attach to a graft to form an endothelial coating are distinctly different 
from Applicants* claimed methods, which provide for the treatment of myocardial ischemia in a 
patient The fonnation endothelial coatings on synthetic grafts described by Hammond can 
in no way make obvious Applicants' claimed metliods. 

II. Hammond fails to teach methods for enhancing cndothelialization in a 
tissue of a patient. 

The Ofdcc asserts that Hammond teaches methods for enhancing endothclialization of 
tissues in a patient. Specifically, the Office states that Hammond showed tliat "mobilization of 
cndotheUal cell progenitors would further enhancing blood vessel formation or angiogcncsis in 
an ischemic tissue." (Office action mailed January 25, 2006, page 8, lines 1 1 - J 4.) Applicants 
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respectfully disagree. In fact. Hammond fails to describe smy mctliod of enhancing 
endothelialiMtion in a Ossue or organ of a patient, as Applicants do. As detailed above, the 
methods described by Hammond merely provide for endothelial coatings of synthetic materials 
to reduce tlirombus foiraation, (column 2, lines 53-67). 

Not only are such synthetic grafts plainly distinct from the tissues of a mammal, but the 
fonnalion of endothelial coatings is also distinct from the foimation of blood vessels within a 
tissue. Hammond teaches tliat endothclializatioii promoting agents (e.g,, GM-CSF, G-CSF) 
enhance "adherence of circulating endothelial cells to graft surfaces, or may stimulate the 
multiplication of blood-bomc endothelial precursors that have become adhered." (cokinm 2, 
lines 64-67.) Hammond teaches that this process relies on '"fallout endothclialization.* More 
specifically, it has been proposed that tlic circulating cells that give rise to endothelial coatings of 
vascular prostheses ..." Methods for coating a syntlietic prostheses with a layer of endothelial 
cells arc readily distinguishable from the multifaceted biological process that regulates blood 
vessel formation within a tissue or organ. 

Applicants' specification teaches that the formation of blood vessels in a tissue involves 
the complex regulation of a variety of endothelial cell functions and activities, including cell 
migration, proliferation, the formation of endothelial cell sprouts, vascular loop formation, tlie 
development of capillary lubes and the subsequent formation of tight junctions and the 
deposition ofncw basement membranes (page 2, lines 10-1 5). Such vascular networks folfiU a 
critical biological function within the tissue of the subject by providing oxygen aaid nutrients and 
removing wastes (page 1, lines 27-30). Hammond's process of coating a synthetic graft witli 
endothelial cells is plainly different from the process of blood vessel formation. 

To expedite prosecution and clarify the distinguishing features of the present invention. 
Applicants note tliat new claim 68 recites that the method increases the neovascularization of the 
tissue. Accordingly, tlie obviousness rejection over Isner in view of Hammond should not apply 
to claim 68 » 
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lU. Hammond teaches away from combining tbe methods described by Isner 
With methods for promoting cndothellalization. 

The endotlielialtzation results obtained by Hammond fail to provide the requisite 
molivation to combine or the expectation of ssucccss to modify the methods of Tsncn A thorough 
reading of Hammond suggests that methods for promoting cndothelialization may have 
undcsh-ed side effects that would dissuade the skilled artisan from ulihVJng the methods 
described by Hammond, In particular, Applicants invite the Office's attention to Example 1, 
where Hammond describes gi-afts having endothelial coatings. Regarding such grafts, Hammond 
states, 

[T]hc BMB grafts implanted for four weeks or longer appeared stiff. Histological studies 
revealed many osteocytes with microcalcification in the outer graft wall of tliese 
grafts, bat not in the inner wall or intima, even at three months. In the BMB grafts 
implanted longer than four weeks, osteoblasts, osteocytes, and microcalcifications 
were found. These undesirable side effects could affect the long-term utility of such 
grafts . . . (column 7, Imes 55-63) 

Hammond's disclosure of adverse results associated witli the cndotlicliaH7.ation of grafts teaches 
away fix)m the use of such methods. In view of tliis teaching away, one skilled m the art would 
lack the requisite motivation to introduce changes to the methods of Isner, and would further lack 
the expectation of success required to introduce such changes. 

In the Advisory action mailed July 10, 2006, the Examhicr asserts that in vivo studies 
failed to show tliese undesirable side-effects. Applicants respectfully disagree, Hammond 
merely states thai iwo dogs that received synthetic grafts had 80% and 35% of their graft 
surfaces covered with endothelial like cells (Column 9, lines 48-50), Tliis summary in Example 
3 fails to indicate whether or not Xho grafts were evaluated for the presence of microcalcification. 
Furthcnnore, Example 4 fails to provide any description of results^ 

In sum, Hammond fails to teach or suggest any method fi>r treating myocardial 
ischemia in a tissue of a subject, much less Applicants' claimed methods, which recite 
identifying a patient in need of such treatment, injecting a nucleic acid molecule encoding an 
angiogenic factor, and administering OM-CSF or SCF (claim 71). Moreover, one skilled in tho 
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art would lack ilio requisite expectation of success to combine the methods of increasing 
synthetic graft endolhelialization described by Hammond with any other method described in the 
references cited by the Office, 

iiussollno 

Biissolino describes the use of G-CSF and GM-CSF to induce proliferation and migration 
in endothelial cells. The Office asserts tliat it would be obvious to modify the methods of Isner 
by utilizing recombinant G-CSF as described by Bussolino. In support of the rejection, the 
Ofi&ce slates: 

An ordinary skilled artisan would have been motivated to carry out the above 
modification because Bussolino ol al. already demonstrated that recombinant G- 
CSF has angiogenic activity in vivo, and that it also cxliibits synergistic effects 
with at least another endothoHal cell mitogen bFGF in inducing in vivo 
angiogcnesis. 

Applicants respectfully disagree. Bussolino fails to teach or suggest any method of treating 
myocardial ischemia ^ much less Apphcants*claimed metliods which require identifying a 
mammal which has or is suspected of having an ischemic tissue; injecting an effective amount of 
a solution comprising a nucleic acid encoding at least one angiogenic protein or an effective 
fragment thereof into the myocardial tissue; and administering to the mammal an effective 
amount of a colony stimulating factor thereby treating the myocardial ischemia. 

I* Bussolino shows that G-CSF has only a weak angiogenic effect in vivo^ and 
fails to conclude that G-CSF and bFGF act cooperatively 

Contrary to the Office's assertion, Bussolino shov/s that when G-CSF is administered 
alone it exhibits only weak angiogenic activity in vivo. At page 994, right colimm, lines 2 and 3, 
Bussolino stales, "G-CSF had relatively weak, but definite, angiogenic activity in the rabbit 
cornea;*' (emphasis added.) The weak angiogenic activity described by Bussolino would be 
insufficient to motivate the skilled artisan to adapt the methods taught by Isncr by including G- 
CSF, particularly where Bussolino states that G-CSF was less active than bFGF (page 98<J, 
Abstract). Moreover, Bussolino fails to conclude that G-CSF and bFGF exhibit a synergistic 
effect. Rather, Bussolmo states that the observed efJects arc merely suggestive of a cooperative 
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effect. At page 994, lines 12-15, Bussolino slates, "By combining nonangiogcnic doses of bFGF 
witti G-CSF, we observed responses whose intensity is suggestive of a cooperative ititeraction of 
tlie two cylokine in inducing angiogenesis (emphasis added). Thus, Bussolino fails to 
conclusively determine the nature of Uie interaction between bFGF and G-CSF. 

11. Bussolino emphasizes the preliminary nature of the G-CSF and bFGF results 

hi add] lion, Bussolino fails to teach or suggest that G-CSF should be used to enhance 
angiogenesis in other tissues. Tn fact, Bussolino indicates that further studies are required to 
chai-acterize the effects of G-CSF on angiogenesis. Rather than concluding that G-CSF should 
be used to enhance angiogenesis in any tissue, Bussolino repeatedly emphasizes the preliminary 
nature of the G-CSF and bFGF results. Bussolino states, "we wanted to obtain initial 
indications as to the capacity of this cytokine to act in concert with bFGF." Bussolino also states 
tlmt "This iHiiial obsen>ation needs to be extended:' Clearly, Bussolino indicates that his results 
are not the cndpoint of exhaustive studies, but are merely preliminary indications, which provide 
a jumping off point for farther study. 

llh Bussolino teaches that it Is difficult to predict effects on in vivo angiogenesis 

Nor does Bussolino indicate that these studies ai'e broadly applicable to methods for 
enhancing angiogenesis in a variety of tissues in vivo, particularly myocardial tissue as recited 
m Applicants* claims, hi fact, Bussolino stresses tliat it is difficult to predict effects on in vivo 
angiogenesis given the complexity of the biological processes involved. Bussolino slates: 

In vivo angiogenesis occurs as the end point of complex interactions between iimny 
events involving the remodeling of the extracellular matrix and the release of several 
'factors'*. This apparent paradox of a combination of cytokines acting directly on 
endothetiai cells, showing a cooperative effect in vivo, bat not in vitro, adds to tlie list of 
factors or conditions Cor which in vitro modtilation of proliferation and migration is not 
necessarily predictive of in vivo effects on angiogenesis. Possible explanations for this 
partial discrepancy in the capacity of G-CSF to act in concert wth bFGF in vitro and 
in vivo could involve a different biology of microvascular cndotlielium versus IIUVEC or 
effects of G-CSF on passing neutrophils, 

Bussolino indicates that his observations concerning angiogenesis are influeaiced by complex and 
unpredictable interactions that are liable to be influenced even by the effects of passing 
neutrophils. Given the paradoxes and uncertainties that exist in the results of Bussolino, 
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BussoUno fails to provide Ihe motivation or expectation of success required to adapt the methods 
of Isner, Tn particulai-, Bussolino fails to teach or suggest that such methods should be used for 
treating myocardial ischemia. 

The standard in determining obviousness is not whether certain experiments could be 
tried, but whether the prior art suggested that tlie modifications slwuid be made, and furtlier 
suggested that the modified methods fi^ould function successfully. In re Dow Chemical Co,, 837 
F.2d 469 (Fed. Cir.,1988). In this case, the court held: 

The consistent criterion for determination of obviousness is 
whether the prior art would have suggested to one of ordinal^ skill 
in Ihe art that this process should be carried out and would have a 
reasonable likelihood of success, viewed in the light of the prior 
art. Both the suggestion and the expectation of success must be 
founded in the prior art not in the applicant's disclosure. Jd at 473. 
(citations omitted; emphasis added.) 

None of the references cited by the Office teaches or suggests each of the elements recited in 
Applicants' claimed invention- None teaches that one should administer GM-CSF or SCF in 
combination with an angiogenic factor for the treatment of an ischemic myocardial tissue. It is 
not sufficient that one c<iwWhavc made the combination, the cited references must suggest tlie 
desirability of making the claimed combination and must further indicate tiiat the combination if 
made would have succeeded. 

In sum. Applicants were the first to appreciate that myocaniial ischemia could be treated 
by injecting a myocardial tissue with a nucleic acid encoding an angiogenie factor and 
administering GM-CSP or SCF, None of the references cited by the Office, alone or in £uiy 
combination, teaches or suggests all of the claimed limitations of Applicants' claimed invention. 
The OfOcc has failed to establish a prima facie case of obviousness, and the rejection of the 
claims under U.S.C, § 103(a) should be withdrawn. 

Evidence of Unexpected Result 

In their specification, Applicants describe methods of administering an effective amount 
of a nucleic acid encoding at least one angiogenic protein or an effective fragment thereof into 
the myocardial tissue and administering to the manunal an effective amount of at least one 
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angiogenic factor or an efTeclivc fragment thereof to induce new blood vessel growtli in an 
ischemic myocaidial tissue of the mammal. Such mcdiods provided a significant and unexpected 
improvement over the prior art. At page 5, lines 24-27, AppKcants stale: 

Tn particular, wc have found that GM-CSF and other hematopoietic factors increase EPC 
mobili7.ation and enhances neovascularization. This observation was surprising and 
unexpected in light of prior reports addressing GM-CSF activity in vitro and In 
vivo. Accordingly, this invenlion provides methods for using GM-CSF to promote EVC 
mobilization and to enhance neovascularization> especially in tissues in need of EPC 
mobilj/.ation and/or neovascularization. (Emphasis added,) 

Applicants indicated thai combination therq)y of a vascularization modifying agent, such as 
GM-CSF, and an angiogenic protein is likely to provide a synergistic effect Applicants state. 
"In many sellings, it is believed that co-administration ofUic vascularization modulating agent 
and the angiogenic protein can positively impact neovascularization in the mammal, e.g., by 
providing additive or synergistic effects.'* (page 8, lines 15-18; Emphasis added.) As further 
evidence that the combination is surprisingly more potent than expected. Applicants provide 
herewith Kawamoto el al, (Circulation 1 10:1398-1405, 2004, entitled "Synergistic Effect of 
Bone Man ow Mobilizalion and Vascular Endothelial Giowlh Factor-2 Gene Therapy in 
Myocardial Ischemia;" hereinafter "Kawamoto," Exhibit A). 

Kawamoto describes the use of angiogenic gene therapy in combination with cytokine- 
induced endothelial progenitor cell mobilizalion in a swine model of chronic myocardial 
ischemia and a murine model of acute myocardial infarction. Kawamoto treated animals with 
clironic myocardial ischemia (swine) or with acute myocardial infarction with VEGF in 
combination with cytokines (e,g,, GM-CSF and SCF), Kawamoto found that "In chronic 
myocardial ischemia, combination therapv resulted in superior Im provement in all indexes 
of perfusion and function compared with all other treatment groups." (Kawamoto, p. 1398. 
Abstract under "Methods and Results"; emphasis added) 

None of the prior art references cited by the Examinei" teach or suggest that combination 
therapy would be so surprisingly effective for the treatment of myocardial ischemia. Where 
Applicants arc able to show that the claimed invenlion is unexpectedly superior to the prior art 
the unexpected results are sufficient to show that tlie invenlion is nonobvious. 
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One way for a palenl applicant to rebut a prima facie case of obviousness is to 
make a showing of ^hancxpectcd results," i.e„ to show that the claimed invention 
exhibits some superior property or advantage that a person of ordinary skill in the 
relevant art would have found suiprising or unexpected. The basic principle 
behind this rule is straighirorward — that which would have been surprising to a 
person o f onUnarv skill in a particular art would not have been obvi ojis. In Re 
Pravin L Soni 54 F,2d 746 at 750; 34 U.SJP.Q.2d 1684 (Fed. Circ. 1995; 
Emphasis added). 

Furthermore, the mere presence of unexpected results is evidence that the claimed invention is 
nonobvious. 

Indeed, for many inventions that seein quite obvious, there is no absolute 
predictability of success until the invention is reduced to practice. There is 
always at least a possibility of unexpecte d results, that would then provide ag 
objective basii^ for showipg that the invention, although appare ntly obvious, 
was in law nonobvious , In re Patrick H. O'Farrell, 853 F.2d 894 at 903; 7 
U.S.P.Q. 2d 1673 at (FedCitt;. 1988) 

In sum. Applicants have provided further evidence showing that tlic results obtained witli the 
claimed invention are superior to what was expected. Accordingly, the obviousness rejection of 
die claims should be withdrawn. 



Double Patenting Rejection 

Claims 49-61 and 63-66 are provisionally rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 49, 52-56, 58-65, and 68 of 
co-pending U.S. Application No, 10/696,391, Applicants submit that upon consideration and 
entry of the instant Amendment and Response, the provisional double patenting rejection will be 
tlic only rejection remaining in the instant application. Therefore, pursuant to M.P.E.P. §822.01, 
Applicants rcspcctfiilly request that the provisional obviousncss-typc double patent application 
be withdrawn so that the instant application may proceed to allowance. 
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CENTRAL FAX CENTER 



CONCLUSION 



DEC 2 6 2006 



In view of the above atnendtncnt and Remarks, Applicants believe the pending 
application is in condition for allowance. If the Examiner disagrees. Applicants respectfully 
request that tho Examiner contact the iindereigned agent by telephone to schedule an interview 
prior to the mailing of an Office action. 

Applicants believe that no fee is doe to consider the present amendment. Nevertheless, 
the Director is hereby authorized to charge or credit any deficiency in the fees filed, asserted to 
be filed or which should have been filed herewith (or with any paper hereafter filed in this 
application by this firm) to our Dqjosit Account No. 04-1 1 05. 

Dated: December 26, 2006 Respectfully submitted, 
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Exhibit A 



Synergistic Effect of Bone Marrow Mobilization and 
Vascular Endothelial Growth Factor-2 Gene Therapy in 

Myocardial Ischemia 

Aisuhiko Kawamoto, MD, PhD*; Toshlnori Murayarna, MD, PhD*; Kcngo Kiisano, MD, PhD; 

Masanki li. MD, PhD; Tengiz Tkebuchava, MD; SaLoshi Shintani, MD, PhD; 
AisiLshi Iwakura, MD. PhD; Ingrid Johnson, J3S; Patrick von Samson, MD; Allison Ilanlcy, BS; 
Mary Gavin, BS; Ciridy Curry. BS; Marcy Silver, BS; Hong Ma, BS; 
Marianne Kearney, BS; Douglas W. Losordo, MD 

Bachjiroimd—V^'t: fK^rfomicd a jicrics of invcsligaiions to icsl ilic hypothesis that combuiing angiogenic gene Iherapy and 
cylckine (CK)-induced endolhclial progenitor cell inobilizaiion would be superior lo cilhcr sfraregy alone for ircamient 
of chronic myocardial i^ichcmin. 

Methods and Results — A swine modtil ofchronlc myocardial ischemia and a inurine modd of aciUe myocardial infarction 
were used in this siudy. In both tnodclss. antmals were randomly assignc<l lo I of 4 Irxiaimcnt groups: Combo group, 
iniramyocardial vascul'ar endothelial growth factor (VEC5F)-2 gene iran^fcr plus siibcutaneous injection of CKs; 
VEGF-2. gene transfer plus salLnc siibculancously injccicd; CK, empty vcclor Uansfcr plus CKs; and control, 

empty vector plu5 subcutaneous saline. Acute myocardial infarciion was also induced in wild-type mice 4 weeks after 
bone niaiTow ininsplaniation Prom enhanced green nuorcscent protein transgenic mice lo perniit observation of bone 
rnaiTOw- derived .cells in the myocardium after acute myocardial infai-clion- In chronic myocardial ischemia, 
combination Ihcrdpy rcsulicd in superior improvement in all indexes of perfusion and function compared with all other 
trcatmcni groups. \{\ the bone manw transplant micc» double immunofluorescent staining revealed that the combination 
of CK-induccd mobilization and local \^GF-2 gene iransfcr rcsulicd in a significant increase In the number of bone 
miirruw-dcrivcd cells incorpordrinji; ii\to ihc ncovasculamre, indicating that recmitment and/or retention of bone 
murrow- derived progenitors was enhanced by mobilization and ihat local VEGF-2 gene transfer can provide sigjtals for 
recruitment or incoiporation of circulaiing progenitor cells. 

Co/ic^w,s/V/FJ^Mobili7aiion of endolhcliaj progenitor cells illi cytokines potentiates VEGF-2 gene Oicrapy for myocardial 
ischemia and enhances bone marrow cell incorporation into ischemic myocardium. {Circulation. 2004;! 10:1398-1405.) 

Key Words: cytokines ■ endothelial cells ■ ischemia ■ stem cells ■ vascular endothelial growth factor 



Caihefer-bacjcd, intramyocai'dml vuscularendotlieliii! gix>wTh 
facior (VnGI") gene minsfer has been slrow^i (o induce 
therapeutic Anriiogcnc&is in preclinic^il models of myocardial 
ischemia' ^ and lo incv-case exercise tolerance time and decrease 
the incidence of anginal episodes in pilot snjdies in patients wiih 
chronic myocardial ischemia,' These fevorable eflects of VL'GF 
BCi>e transfer were accompanied by objecUvc evidence of im- 
provement of myocardial perfusion in a recent placcbo- 
euiuio!lod, double-blind pilot clinical trial.'* The principal mech- 
anism of these clTecis was initirilly jhou^Jiht lo be the fomuiion 
of new blood vi.*si!ek by sprouting and migrarion Of preexisting 
endothelial cells in iscbcinle lis>*uc>* However^ extensive 
preehnical data haw suggested that a parrion of the cffbct of 
angiogenic c>10kincs (CKs) irtvolvcs die mobilizaiion and re- 



cruitment of precursor cells, capable of differentiation into 
endothelial cells» from tfic bone mamow (BM),^ '" l^eceni clin- 
ical data have revealed that VIrXjF gcnolransfer is al^io acconv 
panied by ibc mobilization of BM»dcnved endoiheltal progeni- 
tor cells (EPCs).*» Moreover, extensive prcclitiical and early 
clinical data have revealed dmt HJK^s may exert a therapeutic 
elTeci on ischeitiic tissue when adminkLcrcd system ically or 
locally.'2'«<v Together, iliese dfila suggest tha< admin istraii on of 
exogenous uiigiogenic growth factors mw srimtilaic t>oth ariglo- 
genesis and vasculocenesis for tiwrapeuAc neovasculariz^iiion. 

Granulocyte colony stimulating fecrAf (C- CSF) and Atcm 
cell factor (SCF) are CKs that have been cItnicaUy applied for 
niobili^Rlion of BM-derivcd hematopoietic stem cells into the 
systemic circulacionJ* " Admiiiistration of G-CSF and SCF 
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has been reponed la improve left ventricular (L V) ftinclion in 
mice with acace myocardidl infarction (Ml) through increased 
homing of mobilized, BM-derived Bl*Cs ami cardioniyofienic 
pr^gcniior cells iiUo ii^chcmic myocardix^m,^" providing direct 
Gvtdcnci? that mobilization of BM progenitors might represent 
a viable strategy for pieseiving the inietjrity and restoring 
i'unctioti in ischemic lifisue. In the prcs5>ni sn»dy» wc pcr- 
Fonncd ejtperimeiits lo test Ihc hypothesis that BM mobiri7a- 
lian can aujjmetK VUGl! gene n'ansfer- induced thckopemic 
neovi^suiilari^iiiion by cnhftncing the contribution of BM- 
dcriveiJ iwecursor celts. 

Methods 

Kxperintentitl Animal*; 

All aiiitnnU were handled in accordance willi iht ^uidehn^s of the 
AnimnT Care and Use CommlTici; at Si KlizabciS's Modiral Center 
(Boston, Mass). 

Thirty-nvo mnlc Voi-kshirc swine (Pint: Acre Rabbiuy Ymiw, 
Noiion. Ma5&) weighing 20 to 25 k^; were ui^ed to induce chronic 
myocardial ischetnia. ARtt IcQ ihoracoiomy, (tn axneroicl constrictor 
(Xcscnrch Instruments SW) w«is placed arouixl the proximDl ponion 
of ihc Icn ciicumflcx coronflry artery (LCx) as previously 
dewilcd."-- 

Thiixy BM iranSplant (BMT) aninial rtiodelii were aU*0 pn:par^^cl M 
previously dcKcritx:d ns a means ot* dociimciiMng ihc kmciics of 
BM-d::rivc;d oclls in the ischemic uiyocaiTlium.-^ Tn brief, female 
C57Bl-;'6 mice received DM mononuclear cell<i from minss^nic mice 
consiicuiivL'ly ovcrcxpr^ssing cnhiinccd grccn (luorcsccnt protein 
(cGFI» mice, C57BL/&.T^NrACrbECjFP)10ab. Jackson Uboraio- 
ryp' afjcr sublelliJil irradiation. Four wcclci after BVIT, by which 
time the BM of the recipient mice wns reconsiitutcd, DMT mice were 
used for experiments. 

Mice were anc^lhclixed with 2,2,2-TribromneiK(inol (700 tf,Ug 
body weight IP), onUly intubated with u 2^0 IV coihckx and 
wniilatcil witb a rcspimtor (M»rvard Appnratusj. A 1et> imetcojvial 
ihori^cotomy w^s pcrfonncd, nnd ihc ribs vcic rcimctcd with 5-0 
polypropylene sitiurcsi lo open tbe cbesT. Aftcsr the pericardium was 
opem^d^ ilic lefi anterior descending coronary ancry (L,AD) V>'as 
ligAicfl distal lo the blftjircation bctuixn the LAV and diagonal 
bvc\nch wiih S O pol>-propylci\s suttucs tliroitgli a dissecting micro- 
scope. Ar\cr posUivc cnd-explraioiy pre^ssurc was applied to fttlJy 
inflate the lung, the chest u'as closed with 7-0 polypropylene suiurc&. 
The ovcrnll survival ratio after Ml was 86% at A vreeky. 

Adniinifftration of Plasmid Hunian VEGF^2 Gene 
find CKs 

In the swine study, NOG A nonnuoroscopic LV dcciromcchsinlcal 
mapping was perfortticd lO ^juide injeclions lo foci of myoccirdial 
ischemia S week.-? afVcr con^iricior placemen I. The NOG A system 
(Cordis) of oath ctcp based mappini; and eavigaiion and has been 
previously described in detail.--"" l£;ciieim'c myocardium was 
dcnocd a^i a zDnis with unipolar volui^.c hiijhcr than an atttomaticalty 
deiennined cutoff and linear locsil shonetiing of <3%.»* Thi» 
dcOniiion «^ci$ con.9isicnt in all exctn^inaiion.^ throvshont this snidy. 
Immedi'jiely alter ihe ischemic icrriiory was idcniifiea by NOOA 
mapping. 800 plasmid huDian VKGF-2 gene tphVr.GT^-2^ in 
MiL PJiS or 800 fig empty vector in 3 mL PBS was injected into 6 
siie^ wiitiin the ificKemic myocardium (500 ;'L each site) u^m^j the 
NOGA injection catheter (MyoSfAft, Curdijt). 'llic rhO-CSh' (5 {xg 
♦ kg"^ • d ') and rhSCF (20 MS • kj»-» d'') or conrrol ialine was 
mjccrod $iibcuiimeou,sly in Swine w-iih myocardial rschentia for 7 
days staiiisiy inimcdiyicly after the iniramyocardi'iil gene uansfcr. 
Swine were rcndonily ossicncd to I of 4 ireaimeni groups: Combo 
gruup fn=S), cathpror-baiied intramyocardial gene tran-sfcr of 800 ;jig 
[>f phW.OF-2 and subcuutncous iliG-CSF (5 ^ig • leg"' • d ') and 
ThSCF (20 |Ag • kg"^ ' d-'j for 7 da>'s immcdiarely after Uic gene 
liansfcr; VEGF-2 group (n* 8), phVEOF-2 gene ir;iiisfer and sahnc 



injcctton; CK ijroup (n^S), empty vector uoiisfcf and subcuTancovia 
rhG-CSF and rhSCF injeciion; and control group (n-8). empty 
vector uansfer and saline iajeclion. 

Iti die mouse study, 100 fig ph VEGF-2 Of empty vector as control 
(both dissolved in 100 /xt. saline) was administered inlramyocardi- 
ally wilb a 30G needle distal to tbe LAD occlusion site immedjatcly 
after (.AD lig.'ition. The combination of CJCs with rccombinanc 
htiman (rti) G CSF (50 ns/g body weight) and rhSCF (200 n^'g) or 
control saline was adminiiTCi'cd (siibcntar\eot»Rly) daily for a week 
(days 0 10 6) after Ml (rhG-CSF and rhSCF were supplied by 
Anigen, Inc). The mice were mndomly assigned lo4 subgruup^ (n— 6 
or 7 in each group): empty vector plus saline (control grtJup), empty 
vector plus CKs (CK gixjup}, phVEGf-S plus saline (WGFO 
Sroup). or phVFGF-2 plus: CfCs (Combo group). 

Physiological Assessment of iiV Funclinti 
and Ischemic 

In ihc swine study » transthoracic cchocardiogr?iphy (SONOS 5500)» 
selective led coronary aniyography^ and NOOA LV electromechan- 
ical mappint* were pcrfomied 5 weeks after constrictor placcmcni 
<ju5T before irjccrion of genes) and 4 weeks aAcr eoni irtjcciion, 
Echocardio&raphic fractional shortcntng (FS) And rciponnl wall 
motion scores^^ w ere quantitied by use of the LV shon-axis view at 
iht niidpapillary muscle level. CoUatdral llow ro the LCx tcuitory 
was graded onGiographically in a blinded fasliion widt dio Rcntrop 
scoring system.'"* Tl^e- area of ischemia wa?? quantified by NOOA 
mapping as previously dcscnbcd.* 

All data were evaluated by blinded observers (echocardiography 
by K.K., coronaiy anj^ography by S.S.p and postprocessing aitftlysis 
of the NOGA mapping by \ J.). 

Histological Assessment of NeovaseularUalion and 
LV Remodeling 

All icwinc were killed 4 wcek.^ after gene tran&fer. At ncci^psy. (;wine 
hciuis were sltccd in a l>rcB(Moaf fa*>h5on into 4 tran.-;verse sections 
from apc^ to base, end cacli section was separated to amerior, late ml, 
posterior LV iVec wrill. iuTcrvcniricular sepiunn, and right vennicular 
free wall. All tissues obtained from each scgmau were fixed in 
100% incibatiol. Immunohlstochemlsiry for isolccMn B4 was also 
performed to evaluate CApdlaiy density in die tsclKinic myocardium 
identified by NOCiA mapping. 

Double Immunoriuorescence llisiochemislry 

Ther hearts of GFP^nM iranitplanted mice were harvested at predt^- 
icrmined iime.5 after swrp.cry and prepared for frozen lis^uc sections. 
Frozen cross sediont (A-juim ihickneiss) were a«r dried and fixed with 
A% paraformaldehyde for 5 minutes. After washing with PBS, 
double iinmunohi5>toclicmistiy was performed with anlibodie.^ 
against GFP and isoleciin B4. Nonspecific piotisin bindin?* wa.'j 
blocked with lO**/* nomiiil goat serum. Rabbit polyclonal anii-GFP 
amibody (1:200 dilurlon; Molecular Probe) was uijed at ovcr- 
ni^'ht, followed by iioat anti-rabbit TjjG conjugated with Cy2 (J :500 
riilurion; Jackson ImmunoKcscarch) as a secondary antibody for 30 
minutes at room temperature. The endothelial cell-^ispcciric marker, 
bioiiiiy kited jsolec(in-&4 (1:100 dilution: Veclor Laboraton(>s), was 
uittfd Sis a secui^d primary antibody fnr capillary staining and 
visualized by binding with rhodamine-cofijugnted strcptotivldhi. 
(1:500 dilution; Jackson hnntunoRcsc^^reh) for 30 tninutcs at loom 
tcmpcramre. Normal rabbit IgG serwed as a ne$Aiivc* control for GF?- 
detection. Nuclei were coimter^tained with DaPI (1:5000) and 
mourned in aqueuu:> inDunlin^* medium. Images wert; £x<iminod With 
» fluordiJceiiT mitjoscvp^t (Nikon ECLIPSE TE200). 

Double-pofiitivc cells were quanriricd in 5 randomly fielucied 
fields from 5 beciions from each hean. All morphoinetric studies 
were performed by 3 examiners (TI.M.. A.II., and M.I.) ulio were 
bihided to tncsAiintini aishigiiment, 

StAttsdcal Analysis 

All values are expressed as nusanrSE. Student's paired / rest was 
used to compute daia before and after trcflimcnr. ANOVA wri:i 
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pctfoimcd ti3 coinp^iTt: d^t^i among rhc 4 neatinDiii groups. A Value af 
i^<0,OS W05 considei-ed 4tarijiiicn!ly si^nificeinr. 

Two pigs dice) in the coiiirol imi\ CK groups before ibe final 
assessment. There were no deaths in the V£GK-2 or Combo 
croups. 

BM Mobilizsition Augmcnes the Effects of VEGP-2 
Gene Transfer for Attenuation of Chronic 
Myocardial Isclicinia 

111 ihc swme sturiy, tschcmic area de^en"^\ine<| by NOGA 
mapping before gone transfer was not sign i (lean ily different 
between the Combo. VEGF-2, CK, and control grouj^s 
(35.4±4.4%. 34.7±5.6%. 43.0^8.7%. and 26.5±6.2%, re- 
spcciively). Four weeks Hfier Ircanncnt, the reduction in 
ischemic area was signilkHnlly better in the Combo therapy 
group (-85.^Jt;2.2%) cumpare<l whh all other ircacmcnr 
groups (VECiF-2, -'24.3±2I.5%; CK, 29.5±48J%; and 
control, 40.7±25.l%; P<0.05 versus VEGF-2. /><0.01 ver- 
sus CK and conii'O]). Ischemic area was also signilicantly 
improved in Ihe VEGF-2 group coniparvd with Ihc control group 
(y»<0,05). Tlic ischemic area w the CK group was not siijiiifi- 
candy dirfeteiu from iliat in the coniiol gixsup (Figure 1). 

Cytoldno-lnduccd BM Mobilisation Eulianccs 
Thcrnpcutic Ncovascularlxation by VEGF-2 
Gene Transfer 

In Ihe swine study, sclcclive left coronaty adgiography was 
perlbrmcd to evaluate collateral development before and after 
treatment. Tht: mean Rentrop score of collateTal development 
to the l,Cx territory at baseline was 1.3±0.3 in tlie Combo 
fiToup, 1.4U;0.3 in ihe VEGF-2 group, 2,0±0,4 in the CK 
group, and \ -0±0,3 ia the c^^ntrol gmup (./^=NS), The change 
in the Rcntrop score fjfter hcatmcnt was sifiaific,'\nUy greater 
in fhe Combo grf>ap than in ihc control group (/*-»0.0l). The 
change in Lhc Rentrop score in Ihc Combo group was similar 
10 Ihosc in VEGF-2 and CK groups; however, neiiher the 
VEGF-2 nor the CK group showoS an improvement in 
Rcnlrop scores that was significantly greater d\an the controls 
(Figure 2). These dnra indicated that there w*as anatomic 
evidence of improved culhitcral formation in ihe Combo 
Uicrapy group conip:\red with all odicr treaimem ciroups. 
In lhc swine suidy, histochemicat staining for isolectin B4 
perfoinied to identify capillaries in the ischemic myo- 
cardium 4 weeks after irc?»tmcni. Capillaiy density was 
significainly greater in the Combo group than in the VEGF-2, 
CK, and control groups (879-9±44.8, 717.0±75//, 
326.4±14.J, and 345.0 5t20.4/mm-, respeclivcly; 7^=0.03 
versus VEGF-2, P<OMO\ versus CK and control). Capillary 
density was also significamly greater in lhc VEGF-2 firOtip 
than in the CK and control groups (P<O.000n. Capillary 
density in the CK jiroiip was similar to that in rfie control 
group (Figure 3). These dara reveal that in addition to 
aogmcnUujy* the ftngiographicaljy visible collater*i( Supply, 
combined VEGr-2 myocardial gene therapy plus CK- 
induced mobili7;iiion ofBM pro£;eniiori resulted In a signif- 
icant incf\sase in microvascular capilla[y density compared 
with monoLhcrapy. 



BiVI Mobilization Augments the Kffects of VEGF-2 
Gene Transfer on LV Function in Chronic 
Myoc^krdial Ischemia 

In the si^anc study, echovflrdiographic FS and rejiional wall 
motion score befbre tiet^txncnt were similar in all groups (FS: 
Combo. 27.6± 1 .3%; VEGF-2. 29,6±0.9%; CK, 30.5± \A%\ 
control. 29.4 ±1.2%; regional wall motion score: Combo. 
22.4±l.0; VEOF-2, 20,8±0.7; CK, 20.4±0-5; control, 
20.5 ±0.8). The impiovemcm in FS after treatment was 
sisnificanily greater in the Combo group than in the VF.OF-2, 
CK. and control groups (5.3 ±0.9%» 1 .0± 1 .2%, - 1 . 1 ±0.»%, 
and -l.1±l.3%, respectively; P«'0.03 versus VEGF-2, 
P^om versus CK, jf*^^ 0,001 vcrius control). Changes in FS 
were similar in die Vl:GI'-2» CK. and conrrol groups. Re- 
gional wall motion score aflcr treatment was sifiniJlcantly 
improved In the Combo ^roup compared with cl^e VEGF-2, 
CK, and control groupS (-3.9± 1.0, 1,3±0.9» 0.4±0.5, and 
1^+0.9, respeclivcly; f>-0.04 versus VEGF.2. P«^0,009 
versus CK, and />«0.0004 versus control; Figure 4a and 4b). 

Cyloldne Mobilization Increases Recruitment 
and Incorporation of BM Cells Into 
Myocardial NeovascuJature 

linmunohisiochcmistry was perfomicd on the heajus from 
BMT mice 1 week after Ml to assess BM-dcrived cell 
incorporation into the neovascularurc. Double immuno fluo- 
rescent staiiung for cGFP and isoleciln D4 permitted idenli- 
tlcalion of BM^dcrived cells that also expressed a marker of 
endolhclial ceil identity (Figure 5 A). The double-posilive 
cells were quantified and were found to be mosi abundant in 
the border 7ones between ischemic and nonischemic tissue in 
the Combo group <S0.7 ± 5.8), followed by the VEGF-2 gfoup 
(19.8±3.7), Both groups had significantly fireaier numbers of 
double-positive cells than the eonbol group (/*<0.00l), and 
the number of doublc-positivc cells in the Combo group was 
significantly greater than in the VEGF group (r<0.01 ; Figure 
5B). As shown in Fip,iire 5A, some of the double-positive 
cells were Lncorporalcil into tubular strucctJi-cs, consistent 
vviih vasculogene&is. These data provide evidence that VEGF 
gone dicrapy stimulates vasculogenesis in the myocardium 
Euid that this effect can be augmcnied by DM niobilizarion. 

Discussion 

The concept of therapeuiic angiogcncsir, by adminisimtion t>f 
angiogenic genes or proteins lias been established in numer- 
ous preclinical models. » Recemly, pilot clinical rriftls of 
therapeunc ?>ngiogcnesjs using some of these growth factors 
have been reported in pafl«m$ with coronary aitery dis- 
ease.-'^'' AlthougJ) subjeciive *>'mptoms have been signif- 
icantly improved in these phase I and II trials, some studies 
have failed to demonstrate significant improvement in objec- 
tive findings such a$ myocardial pcrfu-siou and exercise 
tolerance. Analysis of the data generated in all these pilor 
smdies reveals at least 2 common features! ( I) Irt e;-ich .^tudy, 
the effect of a single agcnr was evaluated, and (2) certain 
patients are 'Viourcspondcrs-*' Tlie absence of a response in 
certain individuals is a consistent feature of all tlierapies and 
is the basis for the concept of pbumiacogenomics, the science 
of designing drugs based on genetic feahues of individual 
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Figwro 1. Ropreseni alive recordirtga of NOG A eleclromechanfcal mapping immedljilely before (pre TX) and 4 weoks aficf (poai Tx) gene 
iransfpr in porcine modM of chronic myocaidral ischomia. Black dots in prctroatmcnt map show $iic$ of gene trancfer. Red area or> 
pi;etroatrnont ilnoar local sliortcninfl map (lop nghl) Indkrales area of dficrciased wall molion in lateral wall of loft vonirlcio, cor^sjisienl 
With }dcherniH in Icnitory of LCx, Four weeks aflor Qono Uansfer, Ihte area of bchcsmia Improved In rupreseatdlrve case in Combo ihor- 
apy group (a> and moduratefy In caao from VEGP-? group Oc>J. whereas no improvcmenl was observed in casos from CK group (c) and 
control group (d). e, Percent ch^ige in ischemic area during 4 woekti pfler gene transfer. 'P<O.OS; "PkO-OI. 



patients. Laclctt>g this tailored approadi to drug development, 
physiciqns have Lraditionally tried combinmg drugs to 
achiiivc therapeutic cffecrs in pntienls with conditions refrac- 
toiy to single agents. 

In parallel with siudic'S attempting neovascularization by 
ddiTiinisiralion of aiiclofienic CKs, the use of progenitor or 
stem cells ns ihcrapeuiie iigcnts in iscbernic diseases has 



emerfied.*'-^*'^^ These siudicn are baK«d on observations 
indicating Uiat circulating cells, some of wliicb appear to 
originate in the BM, are capable of homing lo and augnicnt- 
mz neovascularization of ischemic tissue.^^-^* More rccciil 
data have indicated that at lea.^i parr of ftie edect of locally 
administered angiogenic CKs resulls from recruitment of 
progenitor cells and tliat the failure of native or ihcrapeuijc 
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Figure 2, Change in Rcntrop grade of collaiftral development 4 
>woQks arior gone tmnsfer In pordne model of chronic myoc^r- 
dlat ischemia. •P<:O.OS. 

neovascularization mijjhi tesutt in pnrt from a deficiency \\\ 
(lie quai)tity orqualiiy of these cells.' ^ '5*- J* 

This consiellatlon of finOings niiscd an important funda- 
mental qncstiofl regarding VEGF gene Ihcmpy for therapeutic 
ncovascularizatioiv. 1$ Uie mectiani:>m of local VEGF predom- 
inantly via local effects, enhancfns \hi proliferation and 
mi(*ra(ion of EC in pre-existing blood vessels, or i& it possible 
Tf^nt VF.Gh\ expres:;od after gene transfer in the IocaI tissue 
envIroniTieiU, Is acting as a cheraokine, recruiting progeniior 



Cells from remote sites to delivei* a more varied repertoire ot 
CKs" in addition to providing parent cdls for the ncovascu- 
lalurc?^^ The latter pQ5;$ibi1ity ts well illustrated in &iiidie$ by 
Orlic et qH^ in iJie sewing of acute ischemia in which ihc local 
homing sjgnals for circulating cells ore apjwremly n>bust, 
obviating the need for Induction of locil CK expression. 

Accordingly, we hypothesized that the effect of transient 
Icc^^l expression of VEGF, mediated by gene transfer of 
n'7ked plasniid DNA, might be HmpUfied by increasing the 
circulating supply of progenitor cells by sysremically admin- 
istered hcmftlopoielic stem cell mobilization using GCSF and 
SCF. This Is conslsienc wiih a report dcmonsir^iling suporU 
Oriiy of a combinalion of grqwlli factor ihcrapy and c*?il 
transplantation, in this previous siwdy^"** ihe combination of 
hepatocylc growth factor gene transfer and neonatal rat 
cardiojnyocyte transplantation had more potent Ihcrapcuiic 
cfTicacy in a model of rat MI compared with either single 
treatment. 

Although the therapeutic poleniiat of syslernlcally admin- 
istered, mobilizing CK$ has been reported in the setting of 
acute MU^^ the eQicacy of the same approach in chronic 
myocardial ischemia has not been defined in animal niodels. 
Interestingly, diis approach has been atrempred in a single 
human pilot study of granulocylc'niacrophage CSF adminis- 
tration.^^ This study revealed potential benefit by a novel 




Figure 3. a* Representative immunohlslochcm* 
istry for isolcclin B4 in fip6Cin>eris of it^citomio 
porcine myocfVOium from 4 Irealmenl groups. 
These spccimci'ta were obtainod A wodcs &fter 
gono transfer, b. Capillary density A weeks afler 
geno transfer. •P<0.05; — P<0.001. 
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Figure 4, a, Roprtk^enlAlive dndlngs of 
M-mode echocardiogrophy 4 w0$k$ after 
gene transfer in porcinct chronic myocardial 
ischomla. b, Changes in FS and rd^ioa^l 
w^iil motion score during 4 weeks after Iho 
gcno therapy In swine In Combo, VEGF-?, 
CK. and control groupie. RWM3 indicate 
regional wall motion score. "'P<O.OS: 
"P<0X)1; '•*r<o.ooi. 



t:om6o V£i^-2 6k Qmbot 



meilioil of coronary flow mcasuremenr, but no ch<tn£e in 
symptoms or physiologZcally induced ischeiriia was rcpoited, 
and these initial findini^s have not yet bceu repeated or 
extended In further studies. 

Ill o\jr swine study, monotherapy with CICs failed to 
attenuate chronic myocardial ischemia, to increase vascniar- 
ity in the ischemic myocardium, or to Improve LV fijocliun. 
tn COnlraat, as documented pn^vtously, monotherapy with 
VEGr-2 gene transfer significamly improved chronic myo- 
cardial ischemia as documented by NOGA mapping, im- 
proved capillary density, and resulted in a favorable trend in 
LV functional fmprovcmetu. The results of VEGF-2 gene 
iraosfcr were corisisient with previous rcpoiis in prcch'nical 
and piloi clinical trials.*.^ Most noiably» however, the com- 
bination of VEOF-2 gene transfer phis CKs was isuperior lo 
the monotherapies io leims of neovascularization and LV 
fiinctional recovery. These favorable oxilcomes support Uic 
notion that progenitor cells play a key role in VEOF-ind\iced 
local dssue le vascularization and Ihnt ihe combination of BiVJ 
mobiliXcition and gene therapy can dChio\'e superior iherapeu* 
lie neovascularization. 



To provide additional evidence for Ihc enhanced eontribu* 
tion of BM-derivcd cells after combinalion tbeniijy, BMT 
from cOFP niice into wild-iype mice wns performed. Histo- 
logical examination revealed ereater numbers of BM-derived 
cells in the myocardial noovasciiJitmre in mice recelv}xi|$ 
combination tlierapy than in those a-ceiving monotherapy. 
These findings are consisienc with prior observations. 
VEGl*-l has previously beeix shown lo enhance mobill2uiion 
of BM-dcrivcd EPCs imo the circulation and to increase the 
ineorporarlon of EPCs into sitci of ncovascularizj^iion.^^ 
tntraniyoeardial VEGF-2 gene trHJisfcr also increased circu- 
iating EPC counts." Thcfic and other prior studies suft^esied 
that progenitor cells were an integral component of ischemia- 
and CK-induced neovasculanzation of ischemic tissues. Hie 
presertt llndings i>rovide additional c\i dence to support a 
fund;xmcntal role for BPCs in ischemia -inrtuced neovascular- 
ization and suggest that iherapies directed at enhancing die 
supply of these cells may be helpful in addressing the failure 
of nadve or CK-indui:cd collateral vessel formation, Morc^ 
over, the failure of CK-induced HPC mobilization as a 
monotherapy in die selling of chronic ischcun'a indicates that 
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Figure 5. a. nopresontatlve doublo irtimunoFlu- 
orooccnl microscopic findings from BM traiis- 
planled mico 1 wook after ML This example 
5hoiA/s iiiyocaruial tissue fionri mouse in Combo 
group stained wlih aniibody to isolecHn BA 
(ILQ4) to WenOfy endoihdial cells, DAW to Iden- 
tify nuclei, and anMbody to GFP to identify 
BM-derived ceffs. In merge fmage, anuyws fden- 
trfy yellow, rosijliing from ovcilap of rod (ILB-I 
posilivei endothelial cells) and green fQFP, 
BM-dohvcd ceUs), Ihus identifying BM-derivod 
cdlfi thai have relocated lo myocardtLim gnd 
now express endothelial marker, b. Quantinege 
lion of double-positive celts, revealing Uiat 
number of doutile-posilfvo cells Sn Combo 
group was greater tlion alt oiher Iroalmenl 
groups and ihai Vi^GF group also had groator 
number of double-posiicve c«lls than conuois. 
"P<0,01; "P<0.001, 



a local signal, in this case provided by VEGF gene therapy, is 
required for rccruitmcin and incorporation of circulating 
procenitors. The precise mcclmtiisms goveminj> Ihc rccruU- 
mcnt, retention, and incorporation of UM^derived progenitor? 
into the myocardial tissue and the rclacive roles ofeach I'n the 
enhanced runctional rccovciy ducuincnted remam to be 
elucidated. 

Together, these tindings underscore the likelihood i\m 
progenitor cells must be considered not only as a pari of the 
native tncfhanlsms \\m govern vascuhr bloloey but also as 
emitics who^sc failure m.iy play a fiiodamcntal role in ihc 
advent of vascul«\r pathology." Modulation of progenitor cell 
function therefore rijpresents a reasonable therapeutic tiirger 
for ireaimcnt of fs;chemic diseases. 
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